INTRODUCTION {#sec1-1}
============

Pseudoexfoliation (PEX) syndrome is an idiopathic, generalized disorder that is characterized by the accumulation of fibrillar extracellular material in ocular tissues.[@ref1] PEX predisposes to a number of ocular co-morbidities, the most severe being glaucoma.[@ref1][@ref2] PEX occurs worldwide and prevalence rates vary from 10 to 20% of the general population over the age of 60 years.[@ref3] Hospital-based studies from India have reported a prevalence rate between 1.8[@ref4] and 7.4%[@ref5] in adults over 45 years of age. Although there is no established sex predilection for PEX,[@ref6][@ref7] a female preponderance has been previously reported.[@ref8] Unilateral PEX occurs in 48-76%[@ref9] of patients and converts to bilateral disease in up to 50% of patients within 5 to 10 years.[@ref10]

Pseudoexfoliation glaucoma (PXG) accounts for approximately 25% of all open angle glaucomas worldwide.[@ref11] The prevalence of PXG as reported by population-based surveys from South India vary between 7.5 and 13%.[@ref6][@ref7] PXG has a more serious clinical course and a worse prognosis than primary open angle glaucoma (POAG).[@ref12][@ref13] Compared to POAG, PXG is typically associated with higher mean intraocular pressure (IOP), greater diurnal variations, marked pressure spikes, greater severity of optic neuropathy and more rapid visual field loss.[@ref2] PEX is also associated with poor pupillary dilatation and is a risk factor for zonular dialysis[@ref14] and vitreous loss during cataract surgery.[@ref15] Central corneal thickness (CCT) is known to have an impact on IOP,[@ref16] but there is no consensus on the central corneal thickness in PEX eyes.[@ref17][@ref18]

The purpose of the current study was to document the ocular clinical profile of patients with PEX attending the general ophthalmology clinic of a tertiary care center in South India. This study also assessed the practical problems that PEX posed in the management of cataract and diagnosis of POAG.

MATERIALS AND METHODS {#sec1-2}
=====================

Subjects {#sec2-1}
--------

This was a case series of patients with PEX who presented at a tertiary care eye center in South India, from May 2005 to May 2008. During this period, 1,40,338 patients were screened in the outpatient clinic of the center and outreach cataract and ocular morbidity screening camps. The study was approved by the Institutional Review Board and informed consent was obtained from all participants.

Patients identified with PEX were recruited. Patients with PEX material on the corneal endothelium, pupillary margin, angle or on the lens were included. Exclusion criteria were previous intraocular surgery in the eye with PEX, use of anti-glaucoma medications or topical/systemic steroids within the last six months, history of ocular trauma, uveitis, corneal scars, lens-induced glaucomas and any other ocular pathology that could have led to secondary glaucoma.

Ocular examination in all patients was performed by one ophthalmologist (SSP) who performed a slit-lamp examination, diurnal variation of tension (DVT) with Goldmann applanation tonometer, gonioscopy with Goldmann two mirror indirect gonioscope and dilated fundus examination using +90 D lens. Visual field assessment was performed using Humphrey\'s Field Analyzer-II (HFA-II, 30-2 SITA standard, Carl Zeiss AG, Jena, Germany). Central corneal thickness (CCT) was measured by ultrasound pachymetry (Tomey AL-3000 Optimetrics Inc., Florida, USA). The mean of three repeat central corneal thickness readings was used for CCT analysis. The IOP was recorded with a Goldmann applanation tonometer mounted on a Zeiss slit-lamp biomicroscope. The DVT was performed during working hours (between 8:00 AM and 5:00 PM) at two hourly intervals. A single tonometer was used for the study. It was calibrated weekly as part of the routine maintenance protocol of the department. Normal diurnal variation of IOP was defined as IOP variation (between the maximum and minimum IOP recorded during the DVT) of ≤ 4 mmHg.[@ref19] The mean IOP of a particular eye was calculated from four recordings of IOP during the DVT. A difference in mean IOP between the PEX eye and the fellow non-PEX eye of \> 4 mmHg was considered clinically significant.[@ref20]

The established stage of PEX was defined as the presence of white, flaky, dandruff-like material at the pupillary margin and/or on the anterior lens capsule.[@ref21] Early (brown stage) PEX was defined as small specks of radial, brown, pigmented lines on the anterior lens capsule.[@ref22] We defined PXG as IOP \> 21 mmHg in PEX eyes with optic disc changes (CDR ≥ 0.7). POAG was defined as IOP \>21 mmHg, glaucomatous disc changes and typical glaucomatous field defects in the presence of an open angle without a secondary cause.[@ref23] Primary angle-closure glaucoma (PACG) was defined as IOP \>21 mm Hg or glaucomatous optic disc damage with visual field loss and an occludable angle or synechial closure.[@ref21] Gonioscopic grading of the angle was performed based on the structures visualized.[@ref24] An occludable angle was defined as non-visibility of the pigmented posterior trabecular meshwork in ≥ 75% of the angle circumference in the primary position without manipulation, in the presence of low illumination.[@ref21] Normal tension glaucoma (NTG) was defined as IOP ≤ 21 mmHg with glaucomatous optic disc damage and visual field loss in the presence of open angles.[@ref25] Glaucomatous optic neuropathy was diagnosed with two or more of the following features: vertical CDR ≥ 0.7, asymmetry in CDR \> 0.2 between the two eyes, characteristic glaucomatous excavation of the neuroretinal rim and typical wedge nerve fiber layer defects.[@ref23] Eyes with hazy media due to cataract, which precluded optic disc assessment, were excluded from the analysis. In our study, we defined visually significant cataract as decreased vision in the presence of a cataract without any other ocular pathology.

We assessed pupillary dilatation in all patients because poor pupillary dilatation and related complications in cataract surgery are well documented in PEX.[@ref2][@ref14] After instilling mydriatic (combined tropicamide 0.8% and phenylephrine 5% ophthalmic solution) in the eye, pupillary dilatation was assessed using a slit-lamp in a dark room with the pupil dilated and not reacting to maximum illumination. The illumination system of the slit-lamp was placed horizontally and the slit beam was adjusted according to the pupillary dilatation, and the measurement was read off the scale on the slit-lamp. A pupillary dilatation of ≥ 7 mm was considered good.

Visual field assessment was performed in all patients. Patients with clinically significant cataract, who could not perform the test, were excluded from the statistical analyses.

Statistical analysis {#sec2-2}
--------------------

Data were analyzed using MedCalc^®^ software, (version 9.2.0.0, 2007; MedCalc Software bvba, Mariakerke, Belgium). Test of proportion (critical ratio, z test) to detect disproportion in the sex distribution of patients was used. Student\'s t-test (paired t-test) was used to determine whether mean IOP was significantly different in unilateral PEX compared to the fellow non-PEX eye. Independent sample t-test was used to compare the CCT in PEX and non-PEX eyes. IOP values in early and established stages of PEX were analyzed using Mann-Whitney test to look for any correlation between the stage of PEX and IOP. Comparison of means was used to analyze the pupillary dilatation in eyes with PEX. A *P* value \< 0.05 was considered as statistically significant for all tests.

RESULTS {#sec1-3}
=======

A total of 655 patients with PEX were considered eligible to participate in the study, of which 529 patients agreed to participate. The demographics and ocular features of patients enrolled in the study are summarized in [Table 1](#T1){ref-type="table"}. Of the 529 patients (752 eyes) in the study, 306 patients (57.8%) had unilateral PEX. In the unilateral cases, 295 (96.4%) eyes had diurnal IOP variation ≤ 4 mmHg, which was within the normal range and comparable to the fellow non-PEX eyes. There was no statistically significant difference in the mean IOP between eyes with PEX and non-PEX eyes (*P* = 0.20, Student\'s t-test).

###### 

Demographics and ocular features of patients with pseudoexfoliation

![](MEAJO-19-231-g001)

Raised IOP \> 21mm Hg in at least one of four recordings during DVT occurred in 43 (5.7%) of 752 eyes. Thirty six (83.7%) of 43 eyes had established PEX. There was no correlation between the stage of PEX and IOP (*P* = 0.5, Mann--Whitney test) \[[Figure 1](#F1){ref-type="fig"}\]. The mean CCT in PEX eyes was 522 ± 27 *μ* which was comparable to CCT of fellow non-PEX eyes (*P* = 0.97, independent sample *t*-test) \[[Table 1](#T1){ref-type="table"}\].

![Box-plot representation of intraocular pressure (IOP) data in early and established pseudoexfoliation (PEX) showing no correlation between the stage of PEX and IOP (Mann--Whitney test; *P* = 0.5)](MEAJO-19-231-g002){#F1}

Stereoscopic examination of the optic disc was possible in 634 of 752 (84.3%) eyes as significant cataract precluded detailed optic disc assessment in the remaining eyes \[[Table 2](#T2){ref-type="table"}\]. [Figure 2](#F2){ref-type="fig"} shows the association of raised IOP with optic disc changes.

###### 

Distribution of cup-disc ratio among patients with pseudoexfoliation
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The mean pupillary dilatation was 5.8 mm ± 1.07 in the 542 eyes with established PEX. Five hundred and twenty four (96.7%) of 542 eyes with established PEX had pupillary dilatation of ≤ 6 mm, 14 (2.6%) eyes had pupillary dilatation of 6.5mm and 4 (0.7%) eyes had ≥7 mm dilatation. In eyes with early PEX, the mean pupillary dilatation was 7.14 mm, of which 190 (90.5%) eyes had pupillary dilatation of ≥ 7 mm, 13 (6.2%) eyes had dilatation of 6.5 mm, 4 (1.9%) eyes had 5 mm dilatation and 3 (1.4%) eyes had 4 mm pupillary dilatation. The difference in pupillary dilatation between patients with established and early PEX was statistically significant (*P* \< 0.001).

DISCUSSION {#sec1-4}
==========

PEX has a greater prevalence in the older population.[@ref3][@ref4][@ref7] Hence, data on the clinical profile of PEX is important due to the increasing age of general population in many parts of the world. In the current study, most of our patients with PEX were between 60 years and 69 years, which is comparable to the previously published reports.[@ref6][@ref7][@ref26] The incidence of PEX tends to increase with age, and is less common below the age of 60 years.[@ref26] The majority (74%) of the patients in our study had established PEX at first diagnosis while less than a third (28%) had early PEX. There are conflicting reports of gender differences in PEX.[@ref27]--[@ref30] We found a male to female ratio of 1:1.27.

Our study showed that PEX eyes did not experience wide variations in diurnal IOP, contrary to the conclusions of previous studies.[@ref2][@ref13] DVT recordings in the majority (96.4%) of patients with unilateral PEX showed an IOP variation of ≤ 4 mmHg, which was normal and comparable to the fellow eyes without PEX. Even in non-glaucomatous eyes with PEX, several authors have found that the mean IOP was significantly higher than that of non-PEX eyes.[@ref21] However, these previous studies reported a narrow range of difference in IOP between PEX and non-PEX eyes (1.02--1.29 mmHg),[@ref6][@ref31] which may not be clinically significant.

Patients with PXG have higher IOP with greater fluctuations and marked spikes that likely cause more severe optic neuropathy compared to patients with POAG.[@ref2] PXG develops in approximately 50% of patients with PEX syndrome over time[@ref10] and is recognized as the most common type of secondary open angle glaucoma.[@ref11] The PEX patients in our study had a lower prevalence and severity of glaucoma when compared to previous reports of PEX.[@ref6][@ref7][@ref21][@ref28][@ref29] One possible explanation for the difference is that PEX may have a different clinical profile based on racial or geographic origin. There is relative paucity of data regarding early PEX. To the best of our knowledge, there is no literature available on the strength of association between the stage of PEX and IOP. In our study, we found no correlation between the stage of PEX and IOP (*P* = 0.5).

In the eyes where stereoscopic disc assessment was possible, we found 93.4% (592/634) eyes were non-glaucomatous. This is comparable to a previous study from South India, in which 92.5% of the study population was non-glaucomatous.[@ref7] In our study, high IOP (\>21mm Hg) was recorded only in 5.7% (43 out of 752 eyes). Of the 634 eyes in which optic disc assessment was possible, features of glaucoma (raised IOP and CDR ≥ 0.7) were seen in 12 (1.89%) eyes. However, there were 30 eyes (4.7% of 634 eyes) with a CDR of ≥ 0.7 but normal IOP. The IOP and CDR were similar in all the fellow eyes. It is therefore possible that the 30 patients with suspicious discs and normal IOP in both the PEX and fellow eyes were cases of normal tension glaucoma, with PEX being a coincidental finding. Similarly, there were two patients with unilateral PEX, who had raised IOP with glaucomatous optic neuropathy in both the PEX and fellow eyes. Were these patients actually cases of POAG with coincidental PEX? We could not definitively diagnose normal tension glaucoma or POAG due to the lack of reliable visual field data in our study population. However, it is clinically possible for a patient with POAG to also have PEX. The latter may not be contributing to the mechanism of glaucoma at all. A definitive diagnosis of PXG could be made in such patients in the future by specialized genetic testing of myocilin levels.[@ref32]

Our study had only 14 (1.86%) eyes with occludable angles and none of the patients presented with closed angles. This is in sharp contrast to other studies which have reported higher incidences of closed and occludable angles.[@ref33][@ref34] Different samples sizes (22 patients Dhanraj and Sundaramurthy study[@ref33] versus 529 patients in our study) may account for the difference. Poor pupillary dilatation is generally considered to be associated to PEX. Cataract surgery is often associated with more complications in PEX eyes due to the presence of weak zonules, stiff iris and poor pupillary dilatation. However, there is no literature regarding the association between early PEX and pupillary dilatation. In our study, we found a significant difference in pupillary dilatation between eyes with early and established PEX. For example, 90% of eyes with early PEX had a pupillary dilatation of ≥ 7 mm and 96.7% of eyes with established PEX had pupillary dilatation of ≤ 6 mm. This observation indicates that not all stages of PEX have poor pupillary dilatation which may be extremely important and reassuring to surgeons planning cataract surgery on patients with early PEX.

The major drawback of our study was that we were unable to document reliable visual fields in many of our patients with visually significant cataract. Hence, visual field could not be used as a reliable indicator of disc damage caused by raised IOP. Therefore, these data were ignored in the analysis.

In conclusion, in our study, only a small percentage of patients with PEX had raised IOP and an even lower number of patients had features consistent with glaucoma. In patients with unilateral PEX, the mean IOP as well as the DVT was comparable to the fellow non-PEX eyes. This raises the possibility that PEX may be a coincidental finding in patients with asymmetric POAG /normal tension glaucoma. The true incidence of PXG may in fact be much lower. We found no correlation between the stage of PEX and the presence of high IOP. Good pupillary dilatation was found in early PEX. Further population-based longitudinal studies would be required to unravel the natural history of PEX in Indian eyes.
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